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; Dilute assumptions = analyze one swimmer.

Motivating experiment Small concentrations (no swimmer-swimmer interactions) Why reduction of viscosity?
e X Dilute assumptions: Key steps: Hydrodynamic interactions ~ rotational noi.se: .
1L self-propelled & l/:l . . . . . break up of the symmetry in — peak in the density
bacteria (8 ! (i) swimmers interact only with the background flow (swimmer- 1. Rotational velocity of swimmer is even: shifts (preferential alignment).
> B swimmer interactions can be ignored); _ R - S
. o : (ii) only orientations (not positions) of swimmers play role in the D e nchion e ervent sl snsle ¢ o evar Z::p(e) ] Zij(e)
bacteria effective viscosity; . .

effective viscosities. Many swimmers = sum of effects due to individual swimmers. 3. Contribution 7(0. /) to instanta-
_ neous apparent viscosity due to self propulsion is
L. Aronson, A. Sokolov (experlments) : THM: Dilute assumption = ,ho dependance on . odd: :
can be times smaller than for : : : 4. Overall contribution to effective viscosity from self-
Possible: (11 < Remark: Adding rotational noise to the model breaks symme- . [
. Fossible: g < p. : N . propulsion: p(6)
. ) ) ) . try in p(f). Leads to preferential alignment of swimmers (Leal
Sharp contrast with passive inclusions: & Hinch): for (Haines, Karpeev, Aronson, ,
rigid inclusions always increase effective viscosity. Berlyand). ol ol
Model (well-posed) Moderate concentrations: numerical solution scheme (all interactions) ot s
: _ : LC. S Advantages of MFD: Performance & flexibility of use and ex- (e
membrane is : _ VQIOClt . . . ~— ) ) ) 09 09 p(e)
impenetrable .~ “propeller” . “Head” Yy P WHW iy tension to time dependent Stokes, Navier-Stokes. f =5
— pressure, Euler SERHESCHE Some computational issues: P
di . . Solve time step At o Front | N . . il °
prescribed i — Viscosity. Stokes PDE | ———23/ (position update) Eh  Back I e optimal time step /\/: /
tangential component no-slip velocities | X¢— XAt Vg RS Z: :3
of traction Tuid Ve, ® il — too large /\/ — inaccurate dynamics — inaccurate ]
(fluid is pushed backwards) (fluid sticks to the surface) velchity \l, . measurement to effective vis COSity. orl ] o1l 0
pressure Key step: solution of Stokes PDE. " " ! o . T I T TR R I I R T -
{ in : Instantanoeus Key tool: Mimetic I?init.e Differgn-ce - gcégusl::fe meas;(:rciieit ﬁste?feiiir\‘ffss?srclzot:i{c\e o Preferred direction — swimmer creates flow that aids ( )
sﬂﬂir;?; (MFD) [2] ~ generalization of Finite Y the background shear flow — reduction of viscosity.
Rigid swimmer: ; Element to general polygonal meshes. e collisions of swimmers (due to finite At). A- —
On “forward” (head) part: Fluid sticks to the swimmer ne » : —
preferred direction”
; no-slip. N e
On “back” (propulsion) part: g : i QP QO '(ep .......
' Moderate concentrations: results e T o
no penetration, slip is allowed, . . . . . . . """" £.>0
_ given partially prescribed traction. Effective viscosity as a function of |, : Tendency for alignment (pattern formation) is ob- P
served even in the presence of background flow: <
— unit tangent to the surface,
— propulsion strength of swimmer. MM Instanta%%%%iem
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